The sternoclavicular joint (SCJ) is an integral part of the shoulder girdle that connects the upper limb to the axial skeleton.
Introduction
Sternoclavicular joint pathology has been less understood in the past, and there has been greater interest recently due to improved understanding of the biomechanics, and improved diagnostic and treatment modalities. Like any other joint, trauma, infections, inflammatory and degenerative conditions affecting the sternoclavicular joint are well known. The rarity of these problems compounded with a paucity of literature could indirectly lead to delayed diagnosis and inappropriate treatment, which might lead to increased morbidity and poor outcomes. This study aims to review the management of traumatic and systemic conditions that affect the sternoclavicular joint, including the role of arthroscopic surgery.
Anatomy of the sternoclavicular joint
The sternoclavicular joint is a diarthrodial saddle joint formed by the sternal end of the clavicle, the clavicular notch of the manubrium and the cartilage of the first rib. The intra-articular disc, anterior and posterior sternoclavicular (SC) ligaments, the costoclavicular (CC) or rhomboid ligament and the interclavicular ligament provide stability to the shallow articular surfaces. 1 The bony articulation between the medial end of the clavicle and the manubrium is < 50%, thus rendering the joint potentially unstable. 2 The sternoclavicular joint (SCJ) glides up to 30 degrees anteroposteriorly, pivots up to 30 degrees superoinferiorly and rotates up to 45 degrees axially. Disruption to this capsuloligamentous structure can cause migration of the medial clavicle. The posterior capsule is an important stabilizer preventing anterior and posterior translation of the SC joint, while the anterior capsule resists anterior translation. This probably explains the higher incidence of anterior as compared to posterior dislocations. [3] [4] [5] The costoclavicular ligament, comprising two laminae, is thought to become taut at opposite extremes of axial rotation of the clavicle. When a direct impact is applied to the posterolateral aspect of the shoulder due to trauma, this ligament acts as a fulcrum resulting in a medial and posterior displacement of the medial clavicle.
Passive stabilizers of the SCJ are the intra-articular disc ligament and the rhomboid ligaments which are extraarticular. The articular disc is circular and is attached to the articular surface of the clavicle superiorly and to the first rib near its insertion to the manubrium, inferiorly dividing the joint into two synovial cavities. The rhomboid ligament along with anterior and posterior sternoclavicular ligaments and the interclavicular ligament provide stability in the coronal plane (Fig. 1) .
Movement at the SC joint occurs passively in the axial, horizontal and vertical planes. This is usually produced as Swellings of the sternoclavicular joint: review of traumatic and non-traumatic pathologies transmitted movements of the scapula on the chest wall. The clavicle is the first long bone to ossify but the medial end of the clavicle is the last epiphysis to close. The medial end ossifies around 18 to 20 years of age and fuses with the shaft of the clavicle around the age of 23 to 25 years. 6 The growth plate remains the weakest point until fusion and hence a displaced physeal fracture is usually more common than a true dislocation. 7 Many mediastinal structures are at risk following posterior dislocation of the SCJ, as described in the clinical presentation section. [8] [9] [10] [11] [12] [13] [14] [15] [16] 
Materials and methods
A comprehensive search of the EBSCO-hosted National Library of Medicine (Medline) database, PubMed, NICE Evidence Healthcare (databases provided through NLH search 2.0, AMED [Ovid] [Ovid] and Psycinfo), COCHRANE and EMBASE was conducted for English-language articles published between 1975 and March 2016 using the keywords: "sternoclavicular", "sternoclavicular swelling", "sternoclavicular instability", "sternoclavicular joint dislocation", "tumour", "SAPHO", "condensing osteitis of clavicle", " sternoclavicular injury", "sternoclavicular joint arthritis", "sternoclavicular osteomyelitis", "sternoclavicular joint infection", "sternoclavicular septic", "sternoclavicular septic arthritis" and "operative treatment". Additionally, grey literature and references from the relevant articles were hand searched. The initial search yielded 275 articles and after applying strict inclusion and exclusion criteria, 54 articles were chosen for review. We included all relevant studies with full articles and minimum 1-year follow-up, at least six patients for traumatic pathology and no minimum number of cases for non-traumatic causes. We excluded studies that included revision surgery, associated acromioclavicular injury or fracture of the clavicle.
For the purpose of this review, the causes for SCJ swelling have been classified into traumatic, degenerative, inflammatory, infective and finally disorders relatively specific to the SCJ.
Traumatic injuries to the sternoclavicular joint

Epidemiology
Traumatic sternoclavicular injuries are rare and account for less than 3% of all traumatic joint injuries. 3 Dislocations of the sternoclavicular joint comprise 1% of all joint dislocations, and 3% of those in the upper limb. 17 Boesmueller et al 18 found that the incidence of SCJ injuries was 0.9% in all shoulder-girdle lesions and 1.1% in all dislocations. Young, active males are more likely to present with this injury after high-energy trauma. Instability of the SCJ can be described by severity (sprain, subluxation or dislocation) and onset (acute or chronic). 19, 20 Pathophysiology Sternoclavicular joint dislocation occurs after high-energy injuries including road-traffic accidents, sporting injuries and falls from height. 21 Anterior dislocation has been reported to be up to three times more common than posterior dislocation. 9, 22 Allman described the severity of injury as either Grade 1, minor injury with no joint laxity; Grade 2, subluxation of joint; or Grade 3, complete disruption of the SC and CC ligament with instability. 19 Anterior dislocation can occur as a result of non-traumatic conditions including ligamentous laxity, collagen disorders and aplasia of the medial end of the clavicle. The symptoms are usually mild and typically occur when the involved arm is hyperabducted. In contrast, posterior dislocation is usually the result of indirect trauma but can occur because of direct injury to the medial clavicle. 23 It may also occur due to a force directed to the posterior aspect of the shoulder, causing the lateral end of the clavicle to protract anteriorly. 3 Studies have shown that the force required to dislocate the SCJ posteriorly is 50% greater than the force needed for an anterior dislocation. 3 Cadaver studies have demonstrated that the posterior capsuloligamentous structure is the most important of the four constraints. It produces instability in anterior and posterior directions on releasing its attachment. 3 Sewell et al 24 extrapolated the Stanmore instability triangle concept described previously for the shoulder joint to explain the pathology of sternoclavicular instability. They described the causative factors as Type I, traumatic structural; Type II, atraumatic structural; and Type III, muscle patterning (neuromuscular). The treatment for Type I injuries has been discussed above. Type II may rarely require stabilization and Type III injuries are almost always treated with biofeedback physiotherapy.
Clinical presentation
usual presentation is trauma followed by pain, swelling and deformity over the sternoclavicular joint. A prominent medial clavicle in anterior dislocation and a palpable defect next to the sternum in posterior dislocation are usually apparent on inspection and palpation. Following a posterior dislocation of the sternoclavicular joint, all the ligamentous attachments are disrupted. 8 The relation of the thoracic inlet and its neurovascular contents to the SCJ makes posterior dislocations of this joint particularly dangerous. [9] [10] [11] [12] 25 Fortunately they are less common than anterior dislocations. 13, 26 In addition to SCJ dislocation, concomitant injury to the acromioclavicular joint or clavicular fracture 27, 28 has been reported. It is very difficult to differentiate true dislocation from displacement of the medial clavicle physeal fracture in patients up to 25 years of age. 16, 29 Investigations Routine radiographic studies of the sternoclavicular joint are difficult to interpret due to overlap of the medial clavicle, ribs, sternum, and vertebrae. Additional views such as the 'serendipity' (40° cephalic tilt radiograph showing both sternoclavicular joints developed by Wirth and Rockwood) oblique (Hobbs) and lateral (Heinig) are helpful in diagnosis.
Computed tomography (CT) scan is the imaging technique of choice for evaluation of isolated sternoclavicular injury to observe additional injuries to the upper thoracic ring. 7, 29, 30 Intravenous contrast administration may be beneficial for accurate evaluation of mediastinal structures. 14, 31 Magnetic resonance imaging (MRI) is useful in differentiating physeal injury from sternoclavicular dislocation in younger patients aged < 23-25 years. 29 
Management
Anterior dislocation
Based on Allman's classification, acute Grade 1 and 2 (sprain and subluxation) injuries are treated conservatively 16 and Grade 3 injuries are treated by closed reduction. The technique for closed reduction is to place a sandbag/rolled towel between the scapulae followed by direct posterior pressure on the medial end of the clavicle. Some patients develop recurrent instability and the incidence varies from 21-100%. 32 34 have reported good long-term results with conservative treatment. Ten patients were evaluated after a mean follow-up period of 62.9 months. The results were good in seven patients, fair in two patients, and poor in one patient. Other authors have suggested that functional outcomes in spite of instability remain unaffected, and that operative intervention may be mainly cosmetic as instability and deformity can persist despite surgery. 13, 16, 20 Morell and Thyagarajan 35 emphasized the non-surgical treatment of anterior SCJ dislocations in their review (Fig. 2) .
Surgical management
Surgical options can broadly be classified into excision of the medial end of the clavicle or stabilization of the SCJ.
Excision of the medial clavicle. Glass et al 33 in their systematic review found that resection had relatively poorer outcomes than other procedures, although this may have been due to the large amounts of clavicle resected (1-1.5 inches). The key to this procedure is to retain the costoclavicular ligament, and good results have been shown by others. 20, 36 Bisson et al 37 in a cadaveric study have shown that resection of 1.0 cm of the medial clavicle would preserve the costoclavicular ligament in 84% of men, and resection of 0.9 cm would do the same in 89% of women. In a recent cadaveric study, Katthagen et al 38 suggested that resection of the articular disc alone is insufficient to decompress the SCJ. Resection of 5 mm of the medial end of the clavicle with the parallel resection technique reliably decompressed the SC joint better than with the oblique resection technique.
Stabilization of the SCJ. Stabilization of the SCJ can be carried out by either direct suturing/fixation or ligament reconstruction of the SCJ. Direct repair of the SC and costoclavicular ligaments is a technique that can be used in acute cases using a variety of suture materials, anchors, wiring, plating or tension band fixation. Witvoet and Martinez 39 and Eskola 32 have employed combinations of techniques using wiring and ligamentous repair with Palmaris longus/subclavius with good results. Lehmann et al 40 used a suture anchor that was placed in the sternum using Polydioxanone (PDS) suture in the medial clavicle and first rib. Abiddin et al 41 used suture anchors in the manubrium with capsular plication with good results in eight cases. Kirby et al 10 have used intraosseous sutures, Mersilene tape or plates for stabilization in patients requiring open reduction in 13 patients (10 posterior, two anterior and one superior) with good outcomes. Franck et al used Balser plates hooked under the medial clavicle to reduce dislocation with good results in 10 cases (seven anterior and three posterior), 42 the disadvantage being a second surgery for plate removal. Chen et al 43 have described tension band wiring of the SCJ in nine cases with excellent outcome in eight cases. Ferrandez et al 13 fixed acute dislocations in 10 patients using K-wires augmented with wiring of the manubrium to the clavicle in four patients. Functionally, all patients returned to work. However, wires have historically acquired a poor reputation in the SCJ with reports of migration, vascular injury and death. 13, 21, 30, 44 Reconstruction of the anterior sternoclavicular joint is the most common procedure for chronic symptomatic anterior SC dislocation. Historically, fascia lata graft was Note. CT, computed tomography; MRI, magnetic resonance imaging; SC, sternoclavicular; CC, costoclavicular.
used. Different autografts have been used to stabilize the joint. Armstrong and Dias 45 and uri et al 46 successfully used the medial portion of the sternal head of the sternocleidomastoid muscle or the subclavius muscle (Jackson Burrows technique). 47 Bak and Fogh 48 utilized hamstring or Palmaris longus tendon with good results in 27 prospectively reviewed patients. Quayle et al 49 have shown promising results treating chronic SCJ instability using an artificial ligament weave (LARS: Ligament Augmentation and Reconstruction System). Surgilig LockDown™ (LockDown, Redditch, uK) 50 has also been used with good results in SCJ stabilization. In addition, the costoclavicular ligament can be reconstructed as a sole procedure 51 or augmented with a SCJ ligament reconstruction. 52 With this technique, different autografts including the use of semitendinosus and sternocleidomastoid have been used to reconstruct the costoclavicular ligament. 51 Lee et al 52 used sternocleidomastoid muscle for SCJ reconstruction with costoclavicular ligament augmentation using the palmaris longus free tendon graft to secure the medial end of the clavicle to the first rib. Spencer and Kuhn 53 have suggested that stabilization using a figure of eight technique is biomechanically superior to other techniques. This has been supported by clinical results in recent literature. [54] [55] [56] In their systematic review, Glass et al 33 identified 251 sternoclavicular dislocations in which 117 patients had anterior dislocations. They found excellent or good results were achieved in the non-operative group in 69% of patients with anterior dislocations. Patients with acute dislocations managed with closed reduction fared better than patients treated solely by surgical treatment (92% vs. 76% excellent/good results). The outcomes for chronic anterior dislocation were not significantly different between the non-operative and operative groups.
In summary, not all cases of anterior dislocation need surgery. A small subgroup of these patients develops persistent symptomatic anterior instability. This is related to overhead physical activity and these patients show satisfactory results with surgical stabilization.
Retrosternal (posterior) dislocation
Traumatic posterior SC dislocations are rare, but complications are more common than after anterior dislocations. Posterior dislocations remain stable after reduction, whereas anterior dislocations remain unstable if untreated or managed conservatively, although they are not usually symptomatic. 20, 34, 57 With delayed presentation, the whole area becomes swollen and it can be difficult to clinically differentiate between anterior and posterior dislocation.
The mediastinal structures at risk from a posterior dislocation are the subclavian veins crossing the first rib, the internal jugular vein, the internal thoracic artery with its two venae comitantes, the subclavian artery, the brachiocephalic vessels, 58 the trachea, the oesophagus, and the phrenic and vagus nerves. 8 These injuries can result in swelling and cyanosis of the corresponding arm, cervical bruit, respiratory distress, stridor, tracheal haematoma, diaphragmatic paralysis and death. 9 A CT-based study demonstrated that the most frequent structure at risk to SCJ dislocation is the brachiocephalic vein at an average distance of 6 mm (range 1-10 mm). 14 It is also possible for the posteriorly displaced medial clavicle to damage the dome of the pleura and the lungs and lead to a haemothorax, pneumothorax or a pneumomediastinum. 15, 29 Thoracic outlet syndrome and compression of the brachial plexus have been reported in cases of chronic posterior dislocation of the SCJ requiring surgical decompression. 11 It is prudent to have the thoracic surgery team in the operating theatre during reduction, due to the risk of vascular or local soft viscera injury. 16 
Management
Closed reduction is the mainstay of treatment in the acute stage. A commonly described reduction technique is the abduction traction method. The patient is supine with a sandbag between the shoulder blades, with the shoulder near the edge of the table. Traction in abduction is employed to dis-impact the medial end of the clavicle from the manubrium, followed by extension of the abducted shoulder to reduce the SCJ. Groh et al 9 successfully reduced six of eight acute (< 10 days old) dislocations using this method. The other two were reduced operatively by employing a towel clip to reduce the medial end of the clavicle. Most techniques for the treatment of anterior SCJ dislocations can also be used for posterior SCJ dislocations. The number of reported cases of open reduction, tenodesis, suture fixation, and open reduction and internal fixation have been low in the literature, but have had the highest percentage of excellent/ good results in adults without associated high-risk complications. 22 While Leighton et al 59 have had good outcomes in adolescents with closed reduction, excellent outcomes were noted following open reduction +/-stabilization by Waters et al 60 in the same age group. Laffosse et al 30 described their results of 30 posterior sternoclavicular dislocations which included four epiphyseal disruptions. A closed reduction was attempted in 14 cases. It was successful in only five of 10 dislocations and, significantly, failed in all four epiphyseal disruptions. Functional scores were better when an associated stabilization procedure had been performed rather than reduction alone at follow-up at 60 months. Any soft tissue repair must include the costoclavicular ligament as it is one of the main stabilizers of the sternoclavicular joint. 3, 60 Balser plates can be used in retrosternal dislocations, positioned retrosternally, but this can lead to damage to the cartilage, articular meniscus and physis. 42 Brinker et al 61 have used cannulated screws to stabilize the SCJ. Excision of the medial clavicle with or without reconstruction has also been described. 62 More recently, Kirby et al 10 have treated posterior SCJ dislocations with open reduction and internal fixation using transosseous sutures/mersilene tape in a figure of eight configuration in 10 posterior dislocations. All patients had relief of symptoms of mediastinal compromise. Two patients required plate fixation and a second surgery to remove metalwork. Figure of eight reconstruction has also been used by Singer et al, 55 employing hamstring tendons with good results. Other recent methods of stabilization described include LARS ligament reconstruction weave, 49 locking plate osteosynthesis 63 and tension band wiring using K-wires. 43 In
Traumatic SCJ fracture: dislocation in children
Traumatic anterior fracture dislocation in children is more of a physeal separation than a true dislocation. Although radiographs are helpful, CT/MRI scans help in establishing the diagnosis. 29 Closed reduction can be attempted in most patients. 64 This is, however, likely to dislocate due to instability and frequently needs subsequent surgical management. 60 Asymptomatic subluxations do not require surgical intervention. 64 Surgical stabilization can be performed using vicryl® sling, free tendon graft or a nonabsorbable suture material anchored to the first rib.
Approximately 40-50% of all posterior fracture dislocations are physeal separations. 65, 66 Although various reduction techniques have been described, the principles include hyperextension of the shoulder of the involved side either on a padded wedge or the surgeon's knee and, if required, additionally disengaging the dislocation either manually or using towel clamps with suitable anaesthesia. Gobet et al 7 successfully reduced two of their three patients with posterior fracture dislocations, while Yang et al 67 were successful with four cases of posterior dislocations. However, Laffosse et al 30 and Waters et al 60 have reported failures with closed reduction in their studies. Physeal injury does not warrant reduction unless it causes symptoms of compression of posterior mediastinal structures. Operative stabilization methods include polyester 60, 68 and polydioxanone suture. 30 Postoperative rehabilitation involves maintaining the arm in a sling with early mobilization as permitted. Weight-bearing restrictions are recommended for six weeks and contact sports to commence by three months.
Non-traumatic disorders of the SCJ
Sternoclavicular joint swellings can be secondary to many non-traumatic pathologies including infective, degenerative, and inflammatory causes. Patients usually present with bony or soft tissue swelling, deformity, localized tenderness and signs of inflammation. Initial screening tests such as for inflammatory markers (white cell count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP)), rheumatoid factor (RA), antinuclear antibodies (ANA) and tissue antigen tests for human leukocyte antigen (HLA-B27) are useful to diagnose chronic inflammatory conditions and infections.
Conventional radiography may be helpful in detecting degenerative arthritis, hyperostosis and calcification of the surrounding tissues. Radiographs can be difficult to interpret because of variations in anatomy and overlap of the underlying superior mediastinal structures. CT and MRI are more sensitive as well as specific in detecting certain pathologies. 69, 70, 71 Aspiration of the joint under ultrasonography (uSG) or CT guidance can help in isolating organisms and demonstrating crystals. 72- 74 We describe management and outcomes of common non-traumatic causes of sternoclavicular swellings and have also included a few rare but important differential diagnoses (Fig. 3) .
Infective conditions
Septic arthritis
Sternoclavicular septic arthritis accounts for 1% of all septic arthritis. 74 There can be serious complications including osteomyelitis, chest wall abscess or phlegmon and mediastinitis. [74] [75] [76] [77] In a large review of 180 cases by Ross and Shamsuddin, 74 sepsis is classically associated with subacute presentation with a median duration of symptoms of two weeks. Common clinical features include local pain, chest pain, swelling, tenderness and pyrexia. 74 Most patients are male, with predisposing causes being intravenous drug misuse, infective focus, immunosuppression, diabetes mellitus, osteo or rheumatoid arthritis of the joint, recent sternal trauma, recent central line insertion or other risk factor for bacteraemia. 74, 75 Sternoclavicular infections can occur in healthy individuals. 78 The most commonly isolated organism is Staphylococcus aureus. 74, 79 Other common organisms include pseudomonas, Brucella and E.coli. 74, 80 Patients with risk factors such as intravenous drug abuse historically were infected with Pseudomonas aeruginosa, 81 but occurrence of this is now decreasing. 74 Neisseria gonorrhoeae and Candida albicans might be responsible in HIV-positive patients. 32 Isolated cases of infection with rarer organisms such as Salmonella, 82 and Coxiella burnetii, 83 have been described. There have been reports of joint enlargement in congenital syphilis and leprosy. 84 Tuberculosis needs to be borne in mind as a differential diagnosis for patients travelling to endemic areas. A high index of suspicion and appropriate culture of aspirate/tissue sample with imaging gives the diagnosis. An appropriate course of anti-tuberculous treatment is curative in most cases. [85] [86] [87] In resistant cases immunomodulation may be needed. 85 CT scan is 83% sensitive and MRI is 100% sensitive for detecting infection. 88, 89 CT-guided aspirations are safe and have yielded positive cultures in more than 50% of cases; 72 alternatively, uSG-guided aspiration can be carried out. 73 Needle aspiration in the review by Ross and Shamsuddin 74 confirmed positive cultures in 77% of cases. In acute cases, CT scan shows erosions, widening and periosteal reaction, whereas in chronic cases there may be sclerosis. MRI is more specific and should be regarded as the investigation modality of choice. A delay in diagnosis of over two weeks was found by Bodker et al 89 in 10 patients with SCJ sepsis when investigative modalities other than MRI were used. Johnson et al 90 have compared MRI findings of septic and degenerative SCJ distension greater than 10 mm extending over both clavicle and sternum, and bone marrow signal changes are significantly associated with sepsis. Although markers are elevated in healthy patients, they may be normal in debilitated or immunocompromised patients.
Treatment depends on the extent of involvement of bone and soft tissues. Aspiration with antibiotics with or without debridement in early cases can be curative. 74, 78, 91, 92 However, when radiographic evidence of infection beyond the sternoclavicular joint is present, incision and drainage with resection of the medial clavicle or en bloc resection with grafting or interposition arthroplasty may be needed. 73, 74, 92, 93 These may need to be staged procedures after debridement. 91 Total claviculectomy has been described after multiple failed procedures. 94 Given the proximity to vascular structures, the procedures are best carried out in conjunction with thoracic surgeons. 74 Song et al 73 reported results of simple incision, debridement and antibiotic therapy, which failed in five out of six patients. These patients subsequently underwent a resection of their sternoclavicular joint with soft tissue coverage by advancement flap from the ipsilateral pectoralis major muscle. There were no complications and good function was restored. Nusselt et al 92 concluded that septic arthritis without bony involvement can be treated with simple incision, debridement and drainage with antibiotic therapy. With osseous involvement, resection of the involved bone is needed. They had good results in five cases using 84 Symptoms include pain with movement of the shoulder, particularly high elevation. Arthritic SCJ can be swollen, tender to palpate and limited in movement with possible crepitus on shoulder movement. 96 Radiographic changes are usually bilateral, and often asymmetrical. 69 CT shows signs of osteoarthritis with narrowing of the joint space, subchondral cysts and sclerosis and the formation of osteophytes, which is most prominent on the inferior aspect of the medial clavicle. 70, 95 Sclerosis produces a low-signal intensity on all MRI sequences, but subchondral cysts produce foci of hyperintense signal on T2-weighted images. 71 MRI is the preferred diagnostic tool to rule out infection. 89, 90 Non-operative management is the mainstay of treatment 96 and includes rest, modification of activities, analgesia and intra-articular injection of corticosteroids. 70, 97 Most cases have transitory symptoms, which resolve within a few months. 96, 97 Surgery is only reserved for those with intractable pain. Case series have been published discussing various surgical modalities including excision 62,97,98 with or without reconstruction of the sternoclavicular ligaments with graft material, 46 arthroscopic procedures [99] [100] [101] and interpositional arthroplasty. 93 Poor results can be associated with workers' compensation patients. 93 Resection should leave the CC ligament intact to avoid instability and poor results. 36, 37, 98 
Inflammatory conditions
The SCJ can be affected by inflammatory arthritis. 81, 102 It usually affects a younger population; however, with the advent of biological treatment, the incidence has significantly reduced.
Rheumatoid arthritis
Rheumatoid arthritis can affect the sternoclavicular joint like any other joint with formation of pannus, bony erosion and degeneration of the intra-articular disc in onethird of patients with this systemic disease. 81 The radiological changes show bony erosions with destruction of the joint. 103 Rodríguez-Henriquez et al, 104 in their case control study of ultrasound assessment of 406 patients, noted ultrasonographic abnormalities in 89 joints (43%) in the rheumatoid group compared with 36 (17%) in the control group.
Non-steroidal anti-inflammatory drugs, steroids and disease-modifying anti-rheumatic drugs are the first line of management and their use should be supervised by a rheumatologist. Resection of the medial clavicle may be undertaken in the presence of severe symptoms which are refractory to medical treatment. 103 
Seronegative spondyloarthropathies
The SCJ can be involved in other inflammatory conditions including psoriasis, ankylosing spondylitis, Reiter's syndrome and inflammatory bowel disease. 102, 103, 105 These conditions are now classified into a common group as spondyloarthritis by the Assessment of SpondyloArthritis International Society (ASAS). Verhoeven et al 106 prospectively assessed 131 cases with spondyloarthritis. They found clinical involvement (SCJ or manubriosternal joint) in 39% and ultrasound involvement in 35% of cases. The involvement of these joints is significantly associated with disease duration, sacroiliitis and presence of inflammatory bowel disease. Psoriatric arthritis has a predilection for the SCJ with clinical involvement in 50% of cases. 102 SCJ involvement can be present in 4% of patients with ankylosing spondylitis. 107 Detection of HLA-B27 is one of the diagnostic criteria for spondyloarthritis. Treatment is primarily conservative with non-steroidal anti-inflammatory drugs and disease-modifying agents under the supervision of a rheumatologist.
Crystal-deposition arthropathy
In a CT-scan-based study, the relevance of calcium pyrophosphate dihydrate (CPPD) crystal deposition in the SCJ was 17% (36/209), with a significant association between SC CPPD and osteoarthritic changes. 108 Presentation can be with acute pain and swelling of joint 109 with or without systemic symptoms. 110 Alternatively, it can present with swelling, mimicking a tumour. 111 Aspiration of the acutely swollen joint can diagnose gout or pseudogout. Both conditions can affect the sternoclavicular joint. [110] [111] [112] Treatment consists of conservative measures such as non-steroidal anti-inflammatory agents and local injection of corticosteroids. 109 Long-term medical prophylaxis for gout can be undertaken. 112 
Atypical conditions affecting the SCJ SAPHO syndrome
Synovitis-acne-pustulosis-hyperostosis-osteitis (SAPHO) is an acronym for various osteoarticular and dermatological manifestations that can appear in the same patient. The syndrome has been also known by other names including subacute and chronic symmetric osteomyelitis, non-bacterial osteitis, pustulotic arthro-osteitis, chronic recurrent multifocal osteomyelitis (CRMO), spondyloarthritis hyperostotica pustulo-psoriatica etc. 113 The pathogenesis of SAPHO is likely to be multifactorial and includes a combination of genetic, infectious, and immunological factors. 114 Implicated factors include infection by lowvirulence pathogen such as Propionibacterium acnes, immunological factors such as polymorphonuclear (PMN), interleukin-8 (IL-8), tumour necrosis factor α (TNFα) and genes LPIN2 and NOD2 located on chromosome 18. 113 Lack of awareness can lead to delayed diagnosis. 115 Symptoms can be unilateral but most patients develop bilateral involvement. 116 The disease predominantly affects middle-aged women. 117, 118 The axial skeleton is involved in 91% and the peripheral joints in 36% of cases. Sternocostal and sternoclavicular joints are most commonly affected but it can also affect the sacroiliac or hip joints, knees, and ankles. 113 Dermatoses such as pustular psoriasis, acne conglobata, acne fulminans, hidradenitis suppurativa, and psoriasis vulgaris have been associated with the syndrome 119 and can be difficult to treat. 113 Kahn's revised criteria 120 can be used to aid diagnosis, but the diagnostic criteria have not been validated. 113, 121 Radiographs with the characteristic findings of expanded bone, sclerosis, osteolysis, periosteal reaction and enthesopathic new bone formation are usually seen in adults after three months of disease but MRI might be required in the paediatric age group to avoid radiation and detect subclinical lesions. 122 Imaging findings can be difficult to differentiate from infection and neoplasia. 123 Bone scintigraphy is helpful in diagnosing unexpected locations and shows focal hot spots of the spine, sacroiliac joints and/or the appendicular skeleton in many cases. The bullhead-like tracer uptake of the sternocostoclavicular region is very typical of this disease and can avoid unnecessary biopsies. 124 Although bullhead sign is specific to SAPHO, it may not be very sensitive. In the series by Fu et al 125 only 11/48 had a positive bullhead sign but all patients had anterior chest wall involvement. Spinal involvement can have a typical curvilinear or semi-circular pattern of vertebral involvement, contiguous vertebral body involvement, and absence of intervertebral disc oedema and enhancement. 118 Although inflammatory markers such as erythrocyte sedimentation rate (ESR), α2-globulin, and C-reactive protein have been reported to be high, 113,117 they do not relate to the disease activity. Blood tests are neither diagnostic nor prognostic. 113, 126 Aspiration and biopsies are only indicated to rule out other differential diagnoses including tumours and infections. 84 Treatment is usually aimed at symptomatic relief and modifying disease progression under the care of rheumatology and dermatology. 113 There is as yet no standardized treatment algorithm. 117 Antibiotics such as doxycycline, azithromycin, sulfamethoxazole/trimethoprim, and clindamycin have been reported to be successful. 127, 128 Bisphosphonates not only inhibit bone resorption and turnover but also have possible anti-inflammatory activity that suppresses the production of IL-1, IL-6, and TNFα, which is proposed to be beneficial. 117, [128] [129] [130] In resistant cases, anti-TNFα agents, IL-1 inhibition with anakinra and ustekinumab, an antibody against the p40 subunit of IL-12 and IL-23, can be used. 131 Hayem et al have used local corticosteroid injections with some benefit, in their review of 120 cases. 132 Others were unable to show any effect of steroids. 133 Wide resections are reserved for severe deformity or painful loss of function 134 but can have high recurrence rates. 114 SAPHO is a disease of unclear aetiology, with varied presentation, which is difficult to diagnose. Early referral for suspected cases to rheumatology and dermatology for diagnosis and treatment are important to prevent osteoarticular progression of the disease.
Condensing osteitis
First described by Brower et al, 135 condensing osteitis is sclerosis of the medial end of the clavicle not involving the SCJ. Since then, many case reports have described the condition. [136] [137] [138] Clinically it causes local swelling with no inflammatory skin changes and pain on arm abduction. 71 It is almost always unilateral 139 and does not affect other anterior chest wall joints, thus differentiating it from SAPHO. It almost exclusively affects women 137, 138, 140, 141 20-60 years of age. 140 The sternoclavicular joint is typically never involved. It is also known as aseptic enlarging osteosclerosis of the medial end of the clavicle. It is a disease of unknown aetiology, although trauma, stress 142 and infection have been postulated as possible causes. 143 Condensing osteitis of the clavicle resembles condensing osteitis of the pubis and ilium, but no definite association has been reported.
Laboratory findings are usually normal, but there might be an increase in white blood cell count and ESR. 140 Characteristic radiographic findings are a homogeneously dense sclerotic patch in the medial end of the clavicle, limited to the inferior margin, sparing of the sternoclavicular joint and absence of periosteal reaction or bony erosion. 136 MRI usually shows a low-signal intensity on T1-and low or intermediate signal on T2-weighted images with occasional interspersed areas of bright signal on T2-weighting and bone and peri-osseous enhancement. It is difficult to differentiate osteitis from a primary or metastatic bone tumour without a biopsy. 141 Biopsy is recommended to rule out other diagnoses 140 unless clinical and radiological assessment is clearly indicative of condensing osteitis. 142 Treatment is symptomatic with most patients responding to observation and non-steroidal anti-inflammatory drugs. 139, 144 Historically, surgical excision was used as a treatment method. 135, 140 Most of the pain settles by six months, but the swelling and radiological changes may persist. 145 Condensing osteitis is a relatively benign condition with good outcomes. The importance of the condition lies in identifying it and ruling out other sinister causes of the swelling.
Friedrich's disease
Spontaneous necrosis of the medial end of the clavicle was first described by Friedrich in 1924. Idiopathic osteonecrosis of the medial end of the clavicle is rare, usually unilateral and presents with normal inflammatory and rheumatological markers. Most of the reports describe a swelling with no or minimal pain overlying the SCJ. CT scans show destruction of compact bone at the medial end of the clavicle and irregularity of the cancellous bone; biopsy again shows non-specific necrosis. 146 MRI may demonstrate areas of necrosis or cystic degeneration. Treatment is symptomatic with restriction of activity and administration of oral nonsteroidal anti-inflammatory medication for relief from pain. The symptoms are usually self-limiting and complete resolution with remodelling of the medial clavicle typically occurs over a period of 12 to 18 months. 146 Since this is a self-resolving benign condition, awareness of this disease prevents unnecessary surgery. 146, 147 Other conditions Tietze's syndrome can rarely affect the sternoclavicular joint as well. It usually affects the second to fourth costochondral junctions, together with hypertrophy and calcification of the costal cartilages, presenting with unilateral discomfort and swelling over the anterior chest wall. The diagnosis is largely clinically based since laboratory and radiological investigations are usually normal. 148 Isolated reports of tumours such as Ewings sarcoma, 149 lymphoma 150 and metastases to the SCJ have been described. 151 Other rarer conditions include Paget's disease, 152 osteochondromatosis, 153 ganglion cysts 154 and neuropathic joint due to syringomyelia. 155 SCJ changes have also been described with other systemic pathologies such as polymyalgia rheumatica 2 and hyperparathyroidism. 156 
Arthroscopy of the SCJ
Arthroscopy of the SCJ has been described as a diagnostic tool as well as an option for definitive treatment especially in the management of chronic non-traumatic conditions. It has been proposed that arthroscopy reduces the damage to the underlying mediastinal structures, instability, and scarring 100,157 when compared to open surgery.
Tavakkolizadeh et al 157 reported that arthroscopy of the SCJ enhances patient outcomes by improving visualization, minimizing surgical trauma, limiting the risk to vital retrosternal structures, avoiding postoperative instability, and hastening recovery times while also improving cosmesis. Tytherleigh-Strong et al 100 describe their first arthroscopic procedures for an inflammatory monoarthropathy of the SCJ with a large effusion, wherein they took an aspirate and synovial biopsy specimen. The therapeutic indications have been extended to treat intraarticular conditions including meniscectomy/discectomy for acute and chronic disk tears, excision of loose bodies, excision of the medial end of the clavicle for degenerative arthritis, and washout plus debridement after infection have been performed. Capsular tissue that is inferior and lateral to the anterior capsular ligament is relatively patulous and has been described as a preferred location for intra-articular injections and arthroscopic portal placement. 158 Both Tavakkolizadeh et al 157 and Warth et al 101 have reported satisfactory outcomes in their patients following therapeutic SCJ arthroscopy.
The case series of 10 patients with SCJ osteoarthritis treated with arthroscopic medial clavicle excision by Tytherleigh-Strong et al 100 reported no complications and no cases of postoperative instability. Warth et al 101 in their article conclude that arthroscopic SCJ decompression can be a safe and effective treatment method for symptomatic SCJ osteoarthritis when performed by experienced surgeons who are familiar with the unique anatomy of the region and when the surgery is performed at a highvolume SC referral centre with cardiothoracic backup. They recommend that since arthroscopy of the SCJ is an uncommon procedure it should not be performed by inexperienced surgeons.
In conclusion, injuries to the SCJ can result in a spectrum of conditions that range from asymptomatic instability to symptomatic dislocation. While most anterior dislocations can be managed conservatively, posterior dislocations would benefit from surgical intervention. The SCJ, being a synovial joint, could be affected by all the conditions that affect this type of joint, and in addition there are a few uncommon conditions that are specific to the SCJ. Awareness of these conditions and better understanding of SCJ patho-anatomy by the treating surgeon is essential. Recent advances have been made in arthroscopic management of SCJ pathologies and more evidence is needed to substantiate its widespread use.
ICMJE ConflICt of IntErEst statEMEnt
None declared.
fundIng statEMEnt
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. 
